Reorientations in pivalic acid (2,2- Abstract. 2014 Rotational motions of pivalic acid are analysed in its solid plastic phase, using time of flight neutron spectroscopy. Four different partially deuterated compounds are studied, to analyse motions of the different parts of the molecule. From a study of the compound (CH3)3CCOOD, an elastic incoherent structure factor is extracted which corresponds to a model based upon uniaxial rotational diffusion of the t-butyl groups about their threefold symmetry axis, together with fluctuations of the long axes of the dimer units, about their mean direction of orientation along the [110] lattice axes. The width of the angular distribution is found equal to about 10°. A phenomenological analysis of the low-energy part of the inelastic spectra in terms of a single overdamped oscillator confirms these results, leading to a mean oscillatory amplitude of about 8°. Subtraction of the spectra obtained with the fully deuterated compound (CD3)3CCOOD, from those measured with (CD3)3CCOOH enables the study of the motion of the carboxylic group. This is found to consist of 180° jumps about the central molecular C-C bond. These results are entirely consistent with the measurements performed on the fully hydrogenated compound (CH3)3CCOOH.
J. Physique 47 (1986) 305 [1] whilst the hightemperature phase is orientationally disordered [2] : the lattice is face-centred-cubic, space group Fm3m with unit cell parameter a = 8.87 ± 0.03 A and four molecules in the unit cell. Taking into account the molecular symmetry, such a structure is possible only if the molecules reorient between several equilibrium positions. Clearly, the central C-C axes of the molecules along either of the 110 &#x3E; directions of the lattice and the planes of the carboxylic groups seem to coincide with the (100) crystal planes. Depending on the position of the hydrogen atoms of the methyl groups, two configurations are possible. They are referred to as LEM or Calder. Moreover, earlier dielectric relaxation measurements [3] have led to the hypothesis of the existence in the plastic phase of non-polar dimer units, formed by two nearestneighbour molecules linked by two hydrogen bonds.
Since 1970, a number of data have been produced concerning the dynamics of this system. The dynamical nature of the disorder is clearly shown by
Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jphys:01986004702030500 NMR [4] [5] [6] . Characteristic times and activation energies were obtained, corresponding to translational self-diffusion of the molecules and also to reorientations of the whole molecule or of its different parts.
Translational self-diffusion was also studied by radiotracer experiments [7] [8] [9] . A This function contains all the information about the proton single-particle motion, and thus also describes the rotational motion of the molecule and of its parts.
Pivalic acid was first studied by I.Q.N.S. in 1977 by Leadbetter and Turnbull [10] . However [12] . The multiple scattering contribution was not taken into account. Indeed, these effects were evaluated from a semi-analytical calculation [13, 14] to be less than 4 % of the total. We shall now analyse the results obtained with each of the partially deuterated compounds. figure 2 that the models based on 120° or 600 jumps of methyl groups alone (models M3 and M6, respectively) predict an important amount of elastic intensity, at least while Q 1.5 Å -1.
Clearly, these models do not correspond to the experimental data which are illustrated in figure 1 (1) . Indeed, when this term contributes only little to the observed intensity in the quasielastic region, it is taken into account by a one-phonon expansion [12] . In our case, the quasi-elastic broadening is wide and has to be analysed up to energy transfer value where the one-phonon expansion is no more valid.
Moreover, from graphical extrapolation, the contribution of the term SI(Q, w) at hm = 0 appears strong. For several reasons, which will appear in the following of this paper, this term was approximated by a single broad Lorentzian function, whose amplitude AI(Q) and width f'(6) were introduced as parameters in the refinement. (ii) The separation between elastic, quasielastic and inelastic contributions, obtained from refinements, is illustrated in figure 3 . Clearly, the contribu- Nevertheless, to conclude on this hypothesis of the simultaneous occurrence of methyl and t-butyl reorientations, a series of refinements of (1) [20] , for measurements performed near the transition temperature. But at the liquid nitrogen temperature, a weak line appears [22, 23] . Similarly, inelastic neutron scattering experiments at T = 20 K, evidence a well-defined peak at 202 cm-1 and, in the same time, a strong peak at 256 cm-1 which can be attributed to the methyl torsion.
Conversely, in the range 0-20 meV (160 cm-1), the changes at the phase transition are more important. In the low temperature phase, the functions P(a, P) reveals four peaks at 37, 55, 91 and 130 cm-1, also well observed by low temperature Raman spectroscopy [22] . According to the conclusions of the Raman study, the line at 130 cm-1 corresponds to the stretching of the hydrogen bonds voH--o(Ag) in which the two parts of the dimer move with respect to each other. While the vibration VOH--o(Bu), predicted at 107 em -1 is not visible, the peak at 55 cm-1 can be attributed to the mode flo ----0 which was also observed at 59 and 56 cm-1 using IR and Raman spectroscopy [22, 23] . At 91 em -1 appears a torsional mode of the C'-C bond between the carboxylic group and the t-butyl group. This torsion is also involved in the line at 37 cm-1 where it is coupled to a deformation of the carboxylic ring (toH---o Au).
Above the phase transition, the peaks disappear. The general shape is that of a single broad band.
Furthermore, the maximum of this part of the spectrum is shifted towards the low frequencies. Simultaneously the shape of the spectrum in the vicinity of hm = 0 noticeably changes. In the low temperature phases the spectrum increases form zero as function of ro2, while the increase is linear in the plastic phase.
In the low frequency region, the spectrum is not the simple superposition of a series of internal vibrations of the pivalic molecule. In figure 7 Spectra were analysed in the range (-4 meV, + 10 meV). As in the plastic phase the inelastic peaks originating from torsions of the t-butyl groups disappear from the spectra, the rotation of these groups was more conveniently described in terms of a uniaxial diffusion about their axes than in terms of 600 jumps. Indeed Nevertheless, the variation of I(Qo) as a function of Qo must be monotonous and above all, must be identical whatever value of incident wavelength was used. Figure 11 shows the variation of I(Qo) versus Qo, for each of the three experimental wavelengths. The fact that the three curves are perfectly superimposed proves the validity of our subtraction (11) . A deviation from the exp( -2 W) law appears in the low Q range, which can be related to the strong low frequency peak in the inelastic spectra P(a, fl) which was already mentioned. Since coherent effects mainly predominate at low Q, differences in the scattering between D9 and Djo can affect the result of the subtraction of the scattered intensities. Furthermore the isotopic substitution modifies the strength of the hydrogen bond in the carboxylic ring. Therefore librational oscillations of the two parts of a dimer unit occurring from ring deformations can also be slightly affected. These small effects cannot be clearly evidenced in the P(a, P) representation, but can modify the scattered intensity in the wings of the S(Q, ro) spectra.
Typical spectra are shown in figure 12 . Unfortunately, the experiments could be performed at one temperature only (T = 283 K) because they required a long measuring time (small incoherent cross section) in order to keep a good statistics after the subtraction was made. One notices immediately the large amount of purely elastic scattering, even at large Q values. This tells us that the number of equilibrium positions accessible to the acid proton is rather small. On the other hand, the quasielastic broadening is well in the instrument range. An experimental EISF was extracted, introducing in (3) a model based upon 1800 rotations of the carboxylic group (see Part I, Table I ).
To avoid possible uncertainties occurring from the inelastic contribution, the energy analysis range was restricted to ± 1 meV and a flat background was introduced as refinement parameter. Separation of the elastic part is illustrated in figure 12. The resulting values are shown in figure 13 [25, 26] , where rotation of methyl groups about their threefold axes and rotation of the entire t-butyl group take place at similar though not identical rates at low-temperatures. The phase transition is found to be associated with a drastic change in the dynamics of the t-butyl group, whilst the motion of methyls appears unaffected. The intramolecular nature of the potential acting on CH3 groups was also evidenced in other trimethyl compounds [27, 28] . Conversely, the trimethyl groups experiences an intermolecular potential which largely depends on the crystal structure. In the case of trimethyloxosulfonium iodide, this potential is so strong that cation reorientations are too slow to produce any quasielastic broadening, in the backscattering experiment [28] .
From the analysis of the inelastic part of the spectra a question arises. Previous NMR studies of t-butyl cyanide and several t-butyl halides [25, 26] disagree with the conclusions of neutron analyses [29] , recently confirmed from 2H NMR analysis [30] , of a slower rate for methyl jumps.
We have reanalysed our previous data, starting from the inverse assumption concerning the ratio of the jump-rates. It Therefore, the statistics is poor and furthermore methyl groups motions should occur on the time-scale. We shall report on these results in a forthcoming paper.
